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1f there is given a differential equation of the n-th order with constant

coefficients: " (n)
8 ytagy+ay’ . tay =1(t), (1)

for which it is necessary to £ind & solution having the initial conditions:
for t=7, y=Y,, ¥'= Yl,..,y(n'l)—_—.-,Yn_L,' (2)
then, in the case where all the qer,iwa.tiw.es ‘of.. the sought-for function -
are continuous functions of .t in the intervel from 7 to T, the solution of
equation (1) in this interval cen be represented in the form of a series:
Y
y=yo+.i%(t—'€)+%2'-(t-—_‘f)2* e BT (3)
’ . . © m!

Thus, to write the solution in series form, it is necessary to £ind the
values of the coefficients Y, T, Yo, oo '!m, . : 1
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To find these coefficients v fi.f *the corresponding derivatives of y
with respect to t from series (3); ther« ore, we obtain:

y=¥o+Y v)+¥2(t—r)+ +’fm (t— 2%
-1+ S Y2 (t— )+5;}(1‘-—-) .. m+1(t—r)m . '

ul

XN

(t—r)+Yk+2 (t— )"l+...+”‘-'~;m (b= ... (%)

(k)_y 4 YEHD
Y _Yk+ 1 51

We expand further the right side of equation (1) into a power-series in
(t-7):

sovtayy' ey 4oy (M p (B (5o B (e-mPp. ()

Substituting in the left side of equation (5) the values of all the
derivatives from equations (4) and equating the coefficients with the same

powers of (t—7), we obtain:
ap ¥y +alYl+a2Y2.|. coet a.nYﬁ-_—_ (),
a0 1148y Yptay¥odf-r oot ¥ l.=f'-(—r) ,
aoY2+alY3+a2Yh+ el ¥ o 2_1‘"' (=,

.« e .

k
ap Yk+alyk+l+ a.2 k- }_2-;- . .+a.nYk+n=f( )(T) ; (6)

Substituting the values of Y,, Y., ceve X in the first of the
equations of system (6), we can find }rom the iniPfdl conditions the values: :

Yn=a-1n‘ £E(7)—(2 Y oty Yitplat 4y n-l)] ()

Taking Y, from equation (7) and submitting it in the second equation of

system (6), we obtain Y n+ and so on. [ 5 ++. UP tO Yp., were origipally
given, but not Yn’ Yy ese latter are tolbe determined./ Tt is possible
to find as many coeffic%ents of the series as desired by solving successively

the following eguations:
1
Y=35 [}(«r)_(aaYa+alYl AR T e Y 117,
Yn+l=&'n ['f/(.r).(ao!l+alY2+a2Y3+...+an 1 n)]’ (8)

k
n+k—_ [f( )(T)—(aon.,.alYk+l+a ot an-1Yk+n—l)].

Scheme of the Apparatus in Principle

The scheme of the apparatus in principle is designed to solve the system
of equations in (8). The basic element used in the scheme is the multiplicator,
or multiplier, which was described by the author in his article: "A New Elec-
trical Apparatus for Harmonic Analysis and Synthesis," in Izvestiya Akademii 3
Nauk SSSR, Otdeleniye Tekhnicheskikh Nauk, No 3 ) 1946. 3
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The general scheme of comstrusticn ia shown in Figure 1. The entire con-
struction consists of a series of multiy’ lers from N to N (where n is the
order of the differential equation). I transfome? of eEa} multipliexr feeds
a horizontal voltage divider, for which the following voltages have been fixed:

= . 21 8.1
o= —"Vg Uy= —Uglr cers V= _“—En—-; (9)

where u is the total voltage applied to the terminal of the horizontal
divider. .

The vertical dividers are fed from the horizontal dividers, according to i
the scheme in Figure 1. For these the following voltages are fixed by means

of slides:
V=g Yo, vi= Yy, v2«=u212 y vawy vn-l==“n-1Yn-1
_ 8o al 8n.1
or Vo= ---uan Y, vl_—_—_ua—ﬁ Yl, eeey vn-f‘" _u._a;_ Yn-l- (20)

After this, in a similar manngi &]the following voltage is fixed for the
divider of transformer A: U= vl
n

all ,volta'ges v will be added;

When the setup is as indicated in the scheme, \ .
hed between the terminals r and 1:

as a result the following voltage will be establis

Vg = U%,;' [E(a)— (8, Yot a1¥1 + ap¥s + ... + an_'lj:!‘r‘l?l)]’ (11)
that is, this voltage, according to equation (7), will equal:
Vs=\l'ln. (12)

If the voltage of transformer B equals u, then by sliding the runner,
with respect to the vertical divider of this voltage and by observing the
galvanometer, we can compensate for v_ (during compensation the needle of the
galvanometer will stand at zero). 8

In this way, if the scale of the vertical potentiometers 18 graduated in
sections from the voltage applied to it, then one can directly read off the
value of Y. on the scale of the potentiometer of transformer B. From this,point
on, the operation of solving a differential equation comes to the following pro-

cedure :

By the use of & ring commutator and the turning of its crank to one divi-
gion, all vertical potentiometers are shifted one to the left; that is, the
potentiometer O 1s connected to transformer B, potenticmeter. 1 to transformer O,
potentiometer 2 to transformer 1 and so on.

- If one now fixes in transformer A the following voltage:

£:(s (13)

U=u e’

. then, in the next vertical potentiometer connected to transformer B, it is
¥ i possible to measure the value of ¥ q; here, the process of meapuremgnt will
-4 be simultaneous with the process of fixing Y, +1 for further measurements.

By carrying out further ring shifts of the vertical potentiometers by

means of a commutator (each time one to the left), one can cbtain as great a
pumber of the coefficients of the expansion as desired. ’ :
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The vertical and horizontal prieniicri-=:rs are employed in the form
expressed in Figure 2. The circuler rhecu.iat P possesses resistance equal
to the resistance of one section of the -:sistance k. The first sign is
fixed on the step rheostet k, the second and third signs on the smoothly
regulable rheostst P. The total resistance between terminals a and b for
the horizontal potentiometer is made 100 times less than the total resis-
tance of the same vertical potentiometer in the scheme.

N,

For horizontal potentiometers, terminals a and b are connected to the
transformer; terminals c and d are used for feeding the vertical potentio-

neters.

Tn the vertical pstentiometers terminals a and b serve for connection
through the commutator to the horizontal potentiometers; terminals c and d,
for the successive joining of all vertical potentiometers.

Change of sign. To change the sign of a.¥ (the coefficients of the deri-
vatives in equation (1)) from plus to minus, 1t is necessary to provide for a
switch-over device like that shown in Figure 3. A similar device is provided

for changing the sign of Yk.

Change of scale. Where the coefficients &) of the differential equaﬁion
and the values of Y; fluctuate in a very wide interval, a device is employed
for varying the scale. This device can be used in various ways for the verti-

cal and horizontal dividers.

For the vertical dividers it is expedient, for the purpose of decreasing
voltage, to connect up additional resistances, since the total resistance of
the vertical divider does not vary in the process of operation with the appara- .
tus (the divider does not carry any load). The horizontal dividers carry the
vertical divider as a load; therefore, it is expedient here, for varying the
scale, to make proper comnnection from the feeding transformer. The general
scheme of the multiplier with the possibility of changing the sign of both
ax and Y; and also their scales is shown in Figure 3.

[Eppended figures follow/
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Figure 2

Switch-over for changing
the sign of Vi

Switch-over for changing
the sign of ay

sigure 3
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